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United States Pat@nt Oﬁﬁce

QRN 3,145,350
SIGNALLI\G SYSTEM
" Gerard Curerie, Santa Clara, Calif., assipnor to General
' Precision, Inc., a corporation of Delaware
Fx!c'i Oct. 24, 1953, Ser. No. 769,406
16 Claims. (Cl 333—6.5)

Thxs invention relates to clccmcal sxvnalhng sysiems,
and more particularly to apparatus for mcml{wnn the
location of a first object with respect to one or more of
& plurality of second objects. The invention may be
utilized for a variety of different purposes, a pumber of
which will be mentioned below.

. In the transportation and materials handling fields in
general, and parlxcularly in the eflicient operation of a
railroad, it cften becomes desirable to have information
such as where each train is at any time, or with what
velocily the train is moving, or where individual railroad
cars are located. Someumes it is of great advantage to

" .. determine the location of selected goeds or materials car-

ried on railroad veh‘cles, aircraft, trucks or comveyers.

A consxderab]e saving may often be eifected if a central
agency is-apprised, at all times, of selected portions of
the above mform'x!xon, since the railrcad and trucking
businesses involve long distances covering a large tersi-
tory, usually without communication equipment readily
available. For example, scheduling of trains may bc
considerably simplified by remotely observing the density
of traffic at crowded switching points, Information re-
garding’ the location and identity of available railroad
vehicles stored on sidings is immensely useful in deter-
mining the type and amount of freight space available
at'any louding centers. Information on the instantancous
location of . parucular goods, such as raw materials ‘or
cattle shipped across country on separate trains or trucks,
may help the recipient to forecast time of arrival so that
necessary arrangements for unloading,
may be made.

Automatic ldntlﬁcatlon of air-borrie alrcraft either
manned or vnmanned, may provide reliable data for
nuincrous uses, antong which are the assignment of opti-
mur: routes or automatic scheduling of incoming traffic
by means of auxiliary computers. Also such a signal-
ling system may be adopted to contro! traffic flow during
landing and take-offs. Other uses may be envisioned
such a3 the identification of persons who may enter an
authorized area. In- such applications, the signalling
system of this invention takes the place of an identification
«ard or a key by either acting in"a preventative or per-.

" missive fashion.

_ Referring now more specifically to the railroad busi-
ness, it has heretofore been suggaested that radio links be
establisliod Uetween each engine or train aad a central

. agency in order that the operators be able to inform the

‘central .agéncy of their locaiion. While such svstems
have been quite uscful, their effectiveness has been limited
by the fact that each train operator must be relied upon
always to furnish accurate information with regard to the
location of his traim™ Additional, the location of se-
lected special purpose equipment, such as refrigerator
cars or heavy-duty freight cars, may require further

. radio links or teletype cquipment situated proximate to

- personnel,

such coupling points and be operated by railroad yard
since the train operator usually does not have
the means or responsibility to keep track ‘of the identity
of the individual cars on his train,

The need for an automatic signalling sysiem for fur-
nishing accurate information with regard to train or truck

" location dr goods identification to a central agency has
"long been recognized, and various systems have been

proposed As far as 1s known, none have been very
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2
successiul, except the

ence S. Jones for “Signaliing Sysiem™ and henceforth
referred to as the “Jones Sysh.m and the system disclosed
in appliczil_ion Serial No. 747,669, filed July 10, 1958, now
Patent No. 2,210,579, by Clarence S. Jones and Gerard
Currie for * bvgnahm'r System” and henceforth called the
“Jones-Currie System.” Both of these applicaticns are
assigned to the same assiznee as the present invention.

The specific system disclosed in detail in application
Serial No. 715,899 as the “Jones Systemy” may be said
to comprise an interrogator-responder system wherein
omne or more interrogators are capable of relative motion
with respect fo one or more responders.
gator is operative to develop a sequence of interrogator
sigrals of different frequencies and of short time duration
which are cyclically repeaied.  The responder is provided
with a frequency selective coupling means responsive to
selected interrogatdr signals from the interrogator. As
the interrogaior approaches the responder sufficiently
close to st.ovaﬂly couple therewith, those of the sequence
of interrogator signals whose frequencies correspond to
the {requencies of the
the coupling means te operate a transistorized responder
signal oscillator which transmits a responder or return
signal at further frequency.

For an interrogator signal having a frequcncy which
docs not correspond fo one of the selected interrogator
signals, no responder signal is furnished because the
coupling means in {he responder is not excited, and
therefore it is unablz to furnish power to the responder
signal oscillater,
fied by noting which enes of the sequence of pulsed in-
terrcgator sigrals from the interrogator produce a re-

sponder signal.

By selective use of different frequency selective cou-
pling means in differeat resgonders, the responder signal
oscillator will provide a mf"‘erent successive pulse coded

signal from the sequence of interrogator signals for re- |

ception by a rcceiver associated with the interrogator.
The successive pulse coded signal is thevefure char-

acteristic of a responder and may identify the same

uniquely by reducing the successive pulse coded signal
to the form of a binary atmber. The number of possible
different frequency selective coupling means for a given
sequence of interrogater signals determines the maximum
number of different respenders which may be uniquely
identified. As is well kmown to those skilled in the art,
if p different frequencies are successively transmitted
by the interrosator, the maximum number of different
successive pulse coded signals obtainable is equal to

2p, Therefore 27 differcnt responders can be utilized
neglecting the fact that a responder which provides no -

response signal is not really identified.
The specific system disclosed in detail in Patent Num-

ber 2,910,579 as the “Jones-Curriz System” likewise com- ~

prise‘s an interrogator-responder: system wherein one or
more interrogetors are capable of relative motion with
respect to one or more responders.
rogator of the “Jores-Curzie System,” instead of pro-
viding a disceatinuous segquence of interrogator signals
of different trequencies, is operative to develop a continu-
ous interrogator signal of a single frequency, .The re-
sponder of the “Jones-Curtie System” is provided with a
coupling means responsive to the single frequency in-
terrogator signal, and iscludes a selected plurality of
responder osci ILton, exch adopted to provida a responder
signal of a diflerent freguency.  As the interrogator ap-
proaches the responders suficiently close to strongly cou-
ple therewith, the single frequency interrogator- signal
from the mtcrrog'\tor c'mfea the coupling means, whlch

3,145, 380’..
Pateh.ed Aug. 18 1964

. sysu:m disclosed in apphcahon
- Seiial Number 715,839, filed February 18, 1958, by Clar- .

The interro- |

" A'particular responder may be identi-’

However, the inter- -

selected interrogator signals excite | ... . ..
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thercupon fu*mshcs povar to opcrate lhe se!ected rc-"

sponder signal oscillators. Each oscillator’ developes,

. in response thereto, a responder or return signal at its

own frequency. A pamcu]ar responder may therefore

. be identified by noting the various frequencies which are

simultaneously develored.

By selective use of different xesponder oscillators in
different responders, each responder will provide a simul-
tancous pulse coded signal including a differeat plurality
of selected responder signals of different frequencies for
reception by a receiver associated with the interrogator,
The simulianeous pulse ceded signal is therefore char-
acteristic of a responder and may identify the same
uniqucly by reducing the simultancous pulse coded signal
to the form of a binary digit. The number of different
combinations of different responder signal oscillators de-
termines the maximum number of different responders
which may be uniguely identified. As is well known,

_if ¢ different responder oscillators are available, the max-

imum number of different simultancously pulse coded
signals obtainable is equal to 29, Therefore 23 different
responders may be utilized neglecting again the fact that
a responder which provxdes no respondcr signal is not
really identified,

Both the “Jones System™ and the “Jones-Currie System”

- offer extreme advantages over prior systems, in that botbk’

systems use purely passive responders which respond
(provide pulse coded signals) automatically whenever
interrogated, without being inaccurate or unreliable. Con-
sequently numerous remote stations, locations, vehicles,

. goods, persons, etc. may be provided with responders

without attendant provisions of electrical batteries or
wired power sources, While passive responder means,
such as reflectors, have heretofore been provided else-
where, all of these of which I am aware, require precise
physical alignment and exposed areas, and are adversely
effected by various énvironmental factors,

While both the “Jones System” and the “Jones-Currie
System”- admirably accomplish their purpose, and while
both systems are ideally suited for a wide variety of ap-
plications, each system has certain characteristics mak-
ing it especially desirable for certain classes of applica-
tions. And, while each system is ideully suited for those
“certain ciasses of applications, there are stiil further classes
-of applications which would benefit from a maodification
‘of either of the “Jones” or “Jones-Currie” systems.

For example, the specific interrogaior disclosed in de--
tail in the “Jones System” develops a seguence of inter-’

rogator signals for coding purposes, each of a different
frequency, with an additional interrogator signal of a
further frequency for automatic gain control purposes in~
terposed between each of the interrogator signals. If

. a large number of differently. coded responders is to be

identified, so that the system is required to employ a
relatively large binary number, a large number p of dif-
ferent interrogator signals for coding purposes must be
developed. This requirement may be troublesome when
the system is applied to the identification of very rapidly
moving objects or the ‘identification of the location of
an object which moves rapidly with respect to a plurality
of fixed locations, _

In order to aliow the use of economical circuitry and
still preserve the system's reliability, the time length of
cach mterrogator signal must be maintained .at or above
a minimum valué, In the case of rapidly moving bodies,
the interrogator transmit means and responder pick-up
means may remain sufliciently close to one another for
such a short time that an insufficient number of inter-
rogator mgnzﬂs ate coupled to the responder if each {re-
quency is allotted its required duration! The present in-
vention is in some respects an improvement over the

“Jones System” in that it overcomes this described limita-

‘tion by interrogating with each .successive interrogator
signal o plurality of binary digits simultancously and

’ __utnhzmg a substanhally smallcr r.umbcr P of different
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mterrogator sxﬁnals in the sequence wnhout sacnﬁcmg'_

the maximum nuinber of responders which can be unigue-
ly identified. In other words, the present invention

utilizes » smaller number of integer signals in the sequence -

without sacrificing the number of responders which may
be uniquely identifed.

The specific responder disclosed in detuil in the “Jones-

Currie System” couples to a continuous interrogator sig-

nzl of a single frequency when sufficiently close to the ’

Hita-
tion described in ccnnection’ with the “Jones System"
caused by the requirement of a large value of p.
time duration during which both the interrogator and
responder are within the minimum distance necessary for
strong coupling from one to the other may now be very
short since the responder receives a continuous interroga-
tor signal,
each of which requires a minimum allotment of time,
makes the “Jones-Currie System” ideally suited for fast
moving objects.

If a largc number of responders are to be uniquely
identified in the signalling system, the “Jones-Currie Sys-
tem” requires thc employment of a large number, g, of
response signal oscillators in many of the responders,
The number must bz large enough so that 29 is equal

interrogator and consequently does not exhibit the lim

‘to the required number of responders to be uniquely iden-

tifiable. This requiremert may be troublesome because
cach responder signal oscilldtor requires power at or
above a minimum level and all responder signal oscilla-
tors are powered simultanzously by the response actuat-
ing signal derived from a single interrogator signal. It
is therefore seen that the available power, at least to some
extent, determincs the maximum number ¢ of response
signal oscillators which may be utilized in the “Jones-
Currie System.”  The present inventicn is in some re-
spects an improvement over the “Jones-Currie System” in
that it overcomes the described limitation due to limited
available power in that each interrogator signal will not
power miore than g responder oscillators and where ¢ is

a substantially smaller number, and often a number much

less than gq.

In addition to the speed limitation inherent in the “Toties
System” due to the required minimum allotment of time
of each of the successive faterrogator signals and the
power limitation inherent in the “Jones-Currie System”
due to the reguired minimum power level of each of
various responder signal oscillators, each of the signalling
systems described bas certain other adventages over the
othcr. For example, the interrogator of the “Joness
Currie System” is less compiex than ihe interrogator of
the “Jones System,” a feature which is always desirable
from a cost and reiiakility viewpoint. On the other hand,

the responder of the “Jones Svstem” is less complex than

ihe responder of the “Jones-Currie System” since the

5 former is provided with only a single response oscillator.

The present invention provides a signalling system where-
in the ir:errogator is less complex than the interrogator
of the “Jorcs System™ and wherein the responder is Jess
complex than the responder of the “Jones-Currie Systen”™
for a binary code output havmg the same pumber of
digits. Io fact, the presont invention permits, within cer-
tain limits, the choice of complexity of one unit at the
expense of the other.

It is therefore an object of this invention to provide an

improved signalling system for automatically identifying,

locatmg, or numbering a plurality of objects.
It is another object of this invention to provide aa
improved signalling system for automatically identifying,

locating or numbering a much greater number of fast -

moving objacts than has heretofore been possible.

It is another object of this invention to provide an-

- improved signalling system in which each one of a

sequence of interrogator signals actuates a parallel pulae
coded response.

It is another ob'cct of this mvcnuon to pronde an m- ’

N
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" proved signalling system including a s:mp‘nﬁed mtcr-'

rogator and a simplified responder.
It is another object of this invention to provnde an
improved signalling system wherein a smphﬂed inter-

-Togator interrogates a respander with p successive in-

terrogator swnals cf different frequencies and wherein a
simplified responder responds to =ach interrogator signal
with a composite responder signal including one or more
responder signals of dx’fcrent fzequencxcs and wherein
eath interrogator signal is associated with a pamcular

composxte code swn'ﬂ

It is another object of this invention to provxde an
lmproved sxgna]lmg system which is reliable in opera-
tion; simple in design and econorrical in construction.

Other objects of thc invention will in part be obvious
and will in part appear hereinafter.

In accordance with one embodiment of the s:gna!lmg
system of this invention, one or more. interrogators are
capable of relative motion with respect to one or more
responders. The interrogator is operative to develop a
sequencé of -interrogator sxgnals of different frequencies
and short time duration which are cyclically repeated.

" “The responder is provided with a frequency selective

coupling means including coupling elements, each of
which is responsive to selccted interrogator signals of a
given frequency. As an interrogator and a responder

. \approach one another close enough to couple sufficiently

with one another, those of the interrogator, signals whese
frequencies correspond to the freqher'cxes of the selected
interrogator signals excite responsive coupling elements.
Each excited coupling element furnishes power to operate
a selected plurality of responder signal oscillators, each
of which transmits a responder signal of a further differ-
ent frequency. - S

For an interregator signal having a frequency which
does not correspond to one of the selected interrogator
signals, no responder signals are furnished because no
coupling element is excited to furnish power, or, no
respcnder signal oscillators are coupled to this particular
coupling element. A particular responder may be identi-
fied by noting which ones of the sequence of interrogator
sxgnals actuaté” a set of responder signals and the fre-
quencies of the different responder signals in the set.
In-other words, the signalling system of this invention

. may provide as an output quanity a successive pulse

coded signal whercin each pulse itself is a simultanecous
pulse coded signal. The number of pcosible different
frequency selective coupling means for a given sequence
of interrogator signals determines the maximum number
of differeat. successive pulse coded signals obtainable.
Further, the number of different combinations of re-
sponder signal oscillators determines the maximum of
different simultaneous coded pulse signals. Since each
pulse of the successive coded pulse signals can be made
up of all possible parallel coded pulse signals, the total

number of different coded pulse signals ‘is tremendouvs.

If p different interrogator signals are included in one
sequence and a maximum of g diflerent responder signal

oscillators may be utilized in one responder, the max- '

imum number of respenders which are capable of nnique
identification is equal to 2re, It is thercfore seen that
even though p and q are kept small in comparison with
the values for p and g necessary to provide the required
digital nomber in the “Jones” and “Jones-Currie” systems,
the number of digits obtainable with thc sigaalling system
of this invention is pq.

For a railroad sxgmllmg system, the mterrogﬂor may.
be mounted upon a moving vehicle whose location is to
be determined at fixed intervals. The responders may be
located at various intervals along a railroad track or
roadbed over which the vehicle passes. In case of rail-

‘road tracks, the preferred pocidon of each responder is

" . the top or inside of a selected track tie.
- and the distance between individual
largely a m'xlter of cho' ce ddcrmmed by. what parlxcular

The location of
response blacks is

Approved For Release 2009/04/10 CIA RDP81 00120R000100010008 8
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As will be explaiaed below, the number of response
blocks whick may be utilized throughout a whole rail-
road network are limited, at least to some extent, by the
number of digits with whxch the signalling system is
provided. As stated above, the respective position of
the interrogator and responders may be exchanged so
that the interrogator unit is fixed and each of the moving
vehicles carries a response block. Such an arrangs-
ment is preferred when goods are moved by conveyer
or the like over or past the interrogator, or when froizht
cars are to be classified vpon entering or leavirg a switch-

- yard.

For a fuller undcrs'andmg of the nature and objects
of the invention reference should be had to the follow=
ing detailed description taken in connection with thc
accomp.‘nymg drawings, in which:

FIG. 1 is a schematic electricai block dxagram illustrat-
ing one embadiment of the signalling system of this
invention as it might be used in connection with an
automatic railroad data transmission system;

FIG. 2a is an electrical scheratic diagram of an em-
bodiment of passive responders which may be utilized
with the signalling system illustrated in FIG. 1;

FIG. 2b, is a binary code diagram of the responder
illustrated'in FIG. 24, and is included to aid in the ex-
planation of the coding technique utilized in responders;

FIG. 3 is a graphical illustration useful in understand-
ing the operation of the auwtomatic gain control feature
of this mvcntnon, and

FIG. 4 is an’ electrical schematic diagram of a re-
sponder oscillator which may be utilized with the re-

- sponder illustrated in FIG. 2a.

60

75

The novel features which are believed to be char-
acteristic of the invention, both as to its organization and
method of operation, together with further objects and
advartages thereof, will be better undersiood from the

_following description considered in conncetion with the

accompanying drawings in which several embodiments
of the invention are 1llusrrated by way of exampie. It
is to be expressly understood, however, that the draw-
ings are for the purpose of illustration and description
onIy and are not intended as a definition of the limits
of the invention.

Referring now to the drawings, and particularly to FIG.
1 thereof, the signalling system thkere shown includes an
interrogator 100 for developing a sequence of cyclically
repeating pulsed interrogator signals differing in frequency

~and for receiving and decoding combinations of responder

signals. The signalling system also includes a responder
102 which is responsive to the pulsed interrogator signals
when the interrogator and the responder are within a
szlected minimum distance and which is operative to pro-
vide information in the form of selected combin"tions of .
responder signals. R
Even though the signalling system may include onc’or *
more interrogators or one or more responders or both, the
following description is lirmited to one interrogator and
one respondsr, each of which is a separate structure and
cooperates with the other. As will beceme more clear
from the description below, cooperation between any in-
terrogator and any responder takes place when the inter-
rogator and the respondcr, ‘which are in relative motion
wuh respect to one anather, apn'oa‘.h one another sa
closely as to be within a selected minimum distance so that
the power level of the signals to be excharged is above a
threshold level. Durm" the time when thc mtcrrogator
and the responder are mthm the selected minimum dis-
tance, the respondcr is said to bec “operative to receive”
the interrogator signals and develop a response thereto
in the form of rcs,,'mder sxgn.ﬂs and the interrogator is
said to be “operative to receive” the résponder signals and
decode them. The term “operative to receive™ as used
hereinafter signifizs the transfer of electric signals by
means oth"r than convennonal condudors ata powcr Ievel

- Approved For Release 2009/04/10 : CIA- RDP81 00120R000100010008 8




Fadiation of Fyagnetic or electric coupling.
__Tbe portion ¢f inferrogator 100 which provides the

Iy excited by the interrogator signals to responder 1027 53 Guénce-opsrated type of counting circuit.

It is, of course, clear to those skilled in the art, ihat the
pasition of variable gain device 116 need mot be intermedis
ate between signal sources 184, 166 and £68 and amplifier
120, but may be inserted instead between amplifier 120
and transmit means 122. : L :
Transmit nieans 122 may take a varicty of forms de-
pending on the, mode most suitable far #gransferring the
interrogator signals to responder 1€2. This is merely
another way of saying that there may Le a preferred
maode of making thz interrogator “operative to recejve.”

_-Fer example, the mode of transfer may be by inductive
- eoupling as commonly used in transfornrers or by electro-

magnetic radiation as used in wave transmission or by elec~
tric coupling as used wiih capacitive devices. Fach mods

has certain advantages over tie others as #o particular ap- -

plications and often a comtination of modes may bs

_utilized.” For signalling systems utilized. with railroads,

the inductive coupling mode oflers. great advantages. in
that ‘thie physical dimensions of (he tramsmit mésns snd
s pick-up means reed not be so lafge as to fequire an

"+ Approved For Release 2009/04/10 - CIA-RDP81-00120R000100010008-8
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- which §s above 4 predeterminsd minimmm threshold Jevel.  “electrical Iength.of cas-quarter or one-half of a wave -
-Such & transfer may be in the form of electromagnetic

length as required for (ke radiation mode. For inductive

¢oupling, fhe fransmit means may constitule a funéd cir«

€uit resonant af or nead the frequency of the intesrogator
: g

faterrogifor sigfals, also referred fo as the interrogator § signal. Of course, a certain amoun: of energy ¢ven in a
sigial developing means, may include a plurality of con- predominantly inductive coupling may be fransferred by
Venitional cadio frequency ¢scillator means such as pulsed radiation. G B o
signal sources 104, 106 and 198, each having a sinusoidal For signalling systems utilized wiih air-borne zircrafls,
oufput voltage of predetermined amplitudz and a different the disiance between the interrogators and respenders is
frequency. A pulsed signal source, as is well known, is an 10 usually too great for effective inddetive coupling and
éscillator which generates a signal frequency pulss as a hence 2 predominating radiation mode of transfer is pre-
fesult of an externally applied pulse. Ewen though only-  ferred. For a radiation transfer, the transmit means and
thrée signal sources are shown in FIG. 1, the actual nums feccive means constitute anfennas such as digoies or loops
ber of signal sources utilized in a signalliag systemn of ths which are effective radiators at the fraquency of the inter-
typs here described depends dn the fofal number of digits 13 rogator signals. Even though the signalling sysiem of
6r bits réquired to provideé idenfificatiom of the voricus tiis inveation will herebelow be Cescribed with special
desited information from the responder. In practice, emphisis en the inductive covpling 1mode of transferring
ths rumber of signal sources may vary from a minimum signals from the interrogitor fo the responder and from
6f twWo to somi¢ maximum which rumber is henceforth the respionder té the iaterrogator, it is (o be expressly un-
dssigriated by the letter p. “Thie frequencizs of the sinusoi- 20 derstood that such ferms as “trarisenit means,” “transfer,”
dal cufput voltiges are likewise subject to wide limita- “receive means,” “pick-us means® and others include trans-
tion and are designated herein respectively as Fy, Fy, « « « fer by electromagrietic waves and electric ficlds. The low
F;. By way of example; a frequency range lying balween . frequency mode has been chosen only as an exemplary
90. and 300 kilocycles per second has Feem found to per- method because of its special adaptability o railroad op-
form very satisfactorily. The individuaf frequencies are 25 eration. ) , i
selected so that none is harnionically refzted (o another. TFransmit means 122 may comprise either o parallel-
.. Of c¢ourse higher frequencies may be used even though tuned or a series-funad induvciance-capacitance network
it somie applications of this signalling system the afore- Tresonant af the center frequency of vhe frequency band in-
mientioned range of frequericies is prefersed because the cluding all the interrogator siznals. The Q or selectivity
higher the frequency the greater the attenuation dus to ice, 30 of the metwork shou!d be low enough so that the interro-
$1owW, etc. ’ : gafor signals at the high and low frequency end of the fre-
The output voltages from signal sources 104, 166 and quency bard are not unnecessarily attenuated relative to
108 are ‘applied via individually adjustable attenuators . the cenier frequencies.  For example, if a frequency band
119, 112 and 114 to a variable gain device 116, which may  “from 90 to 300 kilocyeles per second is utilized as the in-
hicludé some automatic gain control means responsive to 33 ferrogator signal frequency band, the Q of the coil usually
an automatic gain control difference voltage appearing on should not exzeed 3. Such & value of Q provides broad-
éonductor 118, Device 116 may be utilized to control the band cperafisn and simultaneously provides a reasonable
amplitude of the various inferrogator sfgnals in accord- valte of gain. FEash amplitude controlled interrogator
&fce with the autcmatic gain control difference voltage. signal will cause transmit means 122 to oscillate and there-
The purpose of providing automatic gaim control and the 40 by generate a field at the frequency of the interrogator
ethod of developing the automatic gain control dif- signal to which respondsr 102 is responsive.
ference voltage will be explained below i connection with An audio frequency signal source such as 400 cycle
FIG. 3. Variable gain device 116 may take any of the Haster osciliator 124 may be utilized (o drive a bistable
forrmis well known to those skilled in the art, and which $witching device such as flip-flop circuit 128, also known
are somctimes referred to as variable gain attenuator or 45 as an Eccles-Jordan circuit or a bistable multivibrator.
variable gain amplifier. One form of variable gain device Impressing the output signal from oscillator 124 on cir-
suitable for automatic gain control as here confemplated cuit 126 causes output terminals “A” and “B” of circuit
is disclosed in detail in Jones Patent Ne. 2.510,579.. 126 to alternate between the “high” and “low” conditions
‘Fhe output signals from variable gain device 116, desig- at the 400 cycle repetition rate of oscillator 124. Termi-
mated as the amplitude contrelled intercogator signals, 59 Nal “B” of flip-flop 126 is connected to the input terminal,
may be suifably aniplified, if desired, by ampiifying means, a modified ring counter 128 having a ring advance line
such as a conventional power amplifier 120, to increase 130. ‘The term ring counter is well known to those skilled
their pawer level sufficicntly to facililate the transfer of in tbg art znd.comprises a series of bistable multivibrators
the interrogator signals from a (ransmit means-122°3iFec == 0F- trigger: circuits “connecied -in tandem to forin 4 se-

Ring counter
128 compriscs as many stages as there are pulsed signal
sources developing interrogator signals such as signal
source 144 Exch stage of ring counter 128 is connected

to a different en¢ of ths pulsed signal sonrces 104, 108 ..
and 10§ and supplies the external pulse which turns on the

signal sctirces.  Whenever terminal “B” of flip-flop 126
becomes “high,” ring counter 128 is advanced cne posi-
tion. As ring couuter 128 advances onc position, it turns
off the signal source which has been oscillating and turns

5 on the niext signal source.

As will be explained in connection with the operation
of the automatic gain control cifcuit, rine  ounter 128 is

modified to the extent that each stage tui..; off its asso~

ciated signal source before the ring advances to its next
rosition.  If automatic gain control is not utilized, the
ring counter operates in the conventiona! way. If auto-

" matic gain control is utilized, it has been found desirable

to turn off the associated signal source after about one-
Ralf of the time between ring advances has elapsed.

This iptcrval is.ulili_zcd to insert an automatié gain control - '

0': CIA-RDP81-00120R000100010008-8 . " °




-mterrocator signai peiween each ring counter sdvance.
"As e\cmpTary form of modified ring counter is fully de-

scrived in the co-pending “Jon:s Systcm application.
Of course, a series of monostable multivibrators con-

“nected in tandem to form a sequence-operated type of
courting circuit may also be utilized wherein each stage |

or muitivibrator provides a pulse having a time duration of
approximately one-half of the signal frequsncy of master

. oscillator 124,

With a 400 cycle per second signal applied from oscil-
lator 124 to fliz-flop 126, it will be seen that there will
be 200 “high” states and 200 “low” stafes at each of the

. output terminals of flip-flop 126 every sccond, There-

fore each “high” state and each “low” state has a duration
of 2500 ‘microseconds., The “high” state from {erminal
“A” of flip-flop 126 will-advance the ring pesition ¢very
5000 microscconds so that each interrcgator signal source

- will be operated-or pulsed for a 5000 microsecond inter-

val at a repctition of 200 divided by p times a sccond,
where p is the number of signal sources of intcrrogator
160. If p is selected as 5, for example, each interrogator
signal source is repeaied at the rate of 40 times a second.
As has been indicated, when automatic gain control is uti-
lized, the modified ring counter turns on the 1ntcrrog1tor
oscillator for only 2560 microseconds when the ring posi-
tion is advanced, leaving the other 2500 microseconds,
which coincide in time with terminal “B” being “high,” for
an antomat ¢ gain control interrogator signal.

The ‘operation of the interrogator -signal developing
means is now easily understood. As master oscillator
124 impresses its output signal upon flip-flop 126, terminal
“B" upon being “high” will advanca the position of ring
counter 128 to the next stage. This turns off the signal
source that had been oscillating and developing a pulsed
interrogator signal, say F,, and turns on another signal
source to develop another pulsed interrogator signal, say
F,. Each interrogator signal cxcites transmit means 120
for a short while. 'When automatic gain control eperation
is wtilized, a signal source is turned off at the time when
terminal “A” becomes “high.” The combination of oscil-
lator 124; flip-flop 126; ring counter 128; signal sources
104, 106 and 1038; atienuators 119, 112 and 114; variable
gain device 116, conirolled by the voltage appearing on
lead 118; ampli{ying means 126; and transmit means 122
provides an interrogator signal developing means includ-
ing automatic gain control means responsive (o an auto-
matic gain control difference voltage which is operative
to establish a sequerce of pulsed interrogator signals dif-

* fering in frequency, which sequence is cvc.ically repeated.

A, frequency selective vesponder pick-up means 140
may include a plurality of pick-up- c_lcmc'lts 142, 144 and
146 cach one of which is highly frequency selective and
is “responsive to receive” only a selected interrogator sig-
nai. Non-selected interrogator signals do not operate

- upon a pick-up clemeni. Ii tran:fcr of the interrogator

signals is contemplated by the radiation mode, receiving
antcnnas of proper electrical dimension, cr an antenna
elément coupled to a plurality of tuned circuits, are uti-
lized. If the interrogator signals are transferred by in-
ductive coupling, the individbal pick-up elements 142,
144 and 145 may be paralicl-tuned or series-tuned induct-

- R Gl e e T 8,148, 380 Sl
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sume as that of the interrogzior signal which provides the

field to which the coil is toupled. For example, pick-up -

element 142, upon receipt of an interrogator signal of
irequency Fy, commences vscillaiion (assuning responder
and interrogator to be within the celected minimum dis-
tancz) and davelops a2 output signzl, henceforth referred
to as the response actuat-ug signal, in conductor 148

which is connected to ¢! cmwt 142, 1o this manner, re-

spondsr pick-up means 148 provides a plurality of fre-
quency selective responder pick-up elements, each sharply
tuned to a different one of the freovencies of the interro-
gator signals, and cach pick-up element being selectively
opcrat?vc to develop, from the interrogator signal to which
it is tuned, a response-actuating signal.

A response-actuating signal de‘ tloped by, say, element
142 may be impressed uvpon a tectifying means such as
a coaventional rectifier 150 connected to element 142 by
conductor 148. Rectifier 15¢ may inciude a diode and a
filter and provides conversion of the response-actuating
signal from alternating current to a direct corrent, The
rectified responsez-actuating signal is henceforth refcrred
to as thic response-actuating voltzge. As will be elabor-
ated upon hereinafter, the response-actuating voltage may

te the sole power furnished fo the responder 102, Rec- -

tifiers 152 and 154 are, respectively, connected to pxck—up
coils 144 and 1485,

Each of the responsg-actuating voltages is uuhzed to -

power a sclected plurality of responder signal, oscillators
of which only three are shown in block form and respec-
tively 'desigt.aied by reference characters 156, 158 and
160. Each responder signal oscillator is operative to
develop a responder signal of a diffcrent frequency  in
response to a response-actuating voltage. The actual
number of different responder signal oscillators which
may be incorporated in a given signalling system is ¢
ond depends, among other things, en p, the number of
different interrogator signals utilized and the total num-
ber of information coding which is desired.” Each of the
responder signals may be suitably designated by its fre-
quency which is respectively fy, 7o . . . fi. The sclected
plurality of responder signal coscillators acturted by a
single response-actuating voltage pravides the simnltane-
ous pulse coded signal.

A distribution network 162 is utilized tc telectively
connect the individual re:ponse-actuatmg voltages from
rectifiers 159, 152 and 154 to the input tcrmlnal of

“'responder signal oscillators 156, 158 and 160. More

particularly, FIG. 1 shows distributioni network 162 con-

necting rectifier 1‘0 to oscillators 156 and 160; rectifier -

152 to oscillztors 158 and 148; and rectifier 154 to oscil-

* lators 156 and 158, It is thcrcforummﬂdlately apparent

60

ance-capacitance networks, each one being sharply. tuned .

to the frequency of a different intcrioga.or'sinnal If the
selectivity, Q, of the individual tuned circuiis is high, say
about 100, th:n a frequency sepqratxo’x of sevcral kilo-
cycles from the tesonance frequcn"y in the range of the
interrogators’ signal’ xrequc.;cxcs will not induce any ap-
preciable oscillation into the circuit.  Of course, therc are
p different pick-up coils, each one belng associated (tuned)
to a different interrogator signal frequency.

As is well known, a pair of inductors connected to op-
posite sides of an oscillating circuit provide a convenient

“method of utilizing the elecirical encrgy stored in the oscil-,
“lating circuit. The {requeacy of alternating current de<
veloped in such a pair of conductors (or conducior to

G5

70

that one or more différent responder oscillators are selec-
tively connected to different sources of response-actuating

_voltages, and a differcnt combination of responder signals

may be obtained simultaneously from each source of

responsg-actuating voitage. In some applications it has

been found more convenient to incorporate the rectifying
mezns directly into the diistribution network 162. FIG.
2a shows a structure wherein the rectifying means is in-
corporated into the distribution network.

Each individual responder signal may be impressed

upon a responder tronsmit means 164 including the -

plurality of transmit elements-366;-168 and 170, each
tuned to the frequency of iis associated responder oscii-
lator, The individual elements may take the form of
either series-tuned or- parallel-tuned inductance-capaci-
tance networks for inductive coupling,

radiaters if the radiation mode of transfer is adopted The
total number of responder transmit elements is equal to ¢,
cach oscillator “having its own transmit element.- Of
course, the individual responder signals may, 1f so desired -
-be connected to a single transmit means such as a broadly - .
" tuned circuit reson:int at the center frequency of the fre- .
quzncy band of all responder signals or a suitable single

or of suitable -



Lo

radlator.

- and is, preferably,

‘11 . :
:Ir)v.cver, md-vxdual sh-\rp.“-t\. wd »-cmcnts
are preferred, since.they provide greaier gzin,
The portion of interrogator 190 which receives and
decodes the responder signals may be fermied the inter-
rogatcr secerver jueans and includes pick-up means 180

“responsive to the individual responder signals. . The

physical embodiment of pick-up means dcpends again on
the mede whereby the responder signals are transferred
to the interrogator rezeiver means,
radiation mode, a radiation antcnna for receiving clectro-
magnetic waves is, of course, required, 1f inductive cou-
pling is ulilized, as pa'uc'xlatl) applicable to railroad op-
eration, a series-tuned or parallel-tuned mductance-capacx-
tance network may be employed.

Pick-up means 180 may be selected as a tuned circuit,
roadly tuned to resenzte at the cen-
ter frequency of the responder signal frzquemcy band.

. If desired, the single coil 180 may be replaced with a
set of sharpiy-tunied coils in series with one another,’

each cne -esonating at a different responder signal fre-
quency. Such an arrangement would incrcase the gain
between the interrogator 160 and responder 102 at the
expense of simplicity of pick-up means 180, .

The signal developed by pick-up means 180 comprises,
more often than not, several resnonder signals simultane-
ously, since most of the time a response-actuating voliage
is impressed by distribution network 162 upon several
of the responder signal oscillators, Since a responder

-signal is of a single frequency and the signal developed by

plck-up means 180 may include a number of diffcrent fre-
quencies, sich a combination is referred to as a composite

. responder signal (which gives rise to the parallel pulse”

coded mgﬂa]) In other words, a composite responder
signal is a’term applied to the combination of respo'ndcr
signals actuaied by an element such as 142 upon receipt
of its associated interrogator signal. It is therefore seen
that a composite responder 51gnal is developed by re-
sponder 102 upon the receipt of an mterrogator signal
from interrogator 100,

The composite responder signal may be applxed to a
recelving micans such a§ a conventional receiver 182, so
that the composite responder siznal may be ampliﬁed to
a desired power level. The amplified composite responder
signal is'then 1mpressed upon a plurality of narrow band-
pass frequency circuits or filters, of which three are
shown, recspectively designated by the reference char-
acters 184, 185 and 188. The plurality of the frequency
filters serves to separate or unscramble or decode the
composite responder signal by removing therefrom the
individual responder signals. It is, of course, evident
that for each responder signal fy, fa . . . fq, there must
be an associated band-pass filter so that a total of ¢
filters are required. The designation shown inside the
rectangles 184, 186 and 158 representing the filters in-
dicates the center frequency of its pass band. The plural-
ity of filters-as such may be conveniently referred to as
a responder filter means since it suppresses from any one
filter output all responder signals except a selccted one
which it passes.

Each filter, sucia «s 184, may be of convennonal design
and may comprise cither a parallel-tuned or a series-tuned
inductance~capacitance passive network, or, in certain in-
stances, it may be desirable to utilize an active filter of the
well-known type comporised of a feedback amplifier con-
taining a twin T RC nztwork in its feedback part. Ecch
of the tuned circuits is resonant at a difTerent one of the
responder signals, and is operative to pass only a coding
signal respresentative of the -responder signal at the
resonant frequency of the tuned circuit, The plurality of
filters thercfore may be seen to cemprise the responder
signal filter means responsive to the compaosite respender

signal and operative to develop a separate coding signal
for cach af the sclected plurality of responder signals i in-

‘cludcd in the composile responder signal. -
- In some syslems ot' the tvp" hére dcscnbud, it may_

For transfer by the |

"i
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“the signalling systern- is obtained.

is actuated by.

te dcsu"‘d to ]ov'cr all freq"cncxw cf the rccexved com—l
posite responder signal. This may be accomplished by
utilizicg a conventional beat frequency oscillator as part

of cr in conjunction. with receiver 182 as is well known . -

to those skilled in the art. The output from the ‘beat
f:c'..uency receiver would be a rcdu ed frequency com-.
posite responder sicnal. The maln advantage of a low
frequency composite respondei signal is that avdio fre-
quency instend of radio freguency filters may be utilized
Lo scparate the reduced frequency cemposite responder
signal. Of course, if a beat frequency receiver is used,
then the responder filter means would comprise aud:o
filters. .

It is desirable that aII coding signals be of approxi--
mately equal magnitude so that greatest reliability of
Providing inter-
rogator signals of equal magritude will not accomplish
this since the path taken by each interrogator signal,
and thereafter the responder signal which it activates, is
inherently frequency sensitive. This inherent properly
may be compensated for by utilizing the individual at-
tenuators 110, 112 and 114 which are set in such a
manner that a particular code signal has the same magni-
tude irrespective of which of the interrogator signais 1t
Additionally, each of the responder signal
oscillators may include an adjustable attenuator to com-
pengsate foi the different frequency responses duc to
differences in the frequencies of the different responder
signals. These nttenuators may be preset for each signal-
ling system. If even greater accuracy is desired, the
distribution net work 162 may be provided with attenua-
tors to compensaie in accordance with the pumber of
responder signal oscillators actuated,

The output signal from cach of the filters 184, 186 and
138 is, of course, an alternatinz current signal (code
siznal) of the frequency of the particular responder
siznal. It is sometimes desirable to rectify each of the
alternating current signals to derive therefrom direct cur-
rent voltages, referred to as coding voltages. For this
purpose a rectifying means such as a plurality of asso-
ciated rectifiers, designated respectively by reference char-
acters 190, 192 and 194, may be utilized. In this man-
ner, the individual associated rectifiers provide a rectify- .-
ing mieans responsive to the coding signals and operative
to develop coding voltages.

The coding voltages may be utilized in a variety of
ways and represent, as the name suggests, a binary code
indicating which ones of the g different responder oscil-
lators 156, 158 and 160 are actuated upon the receipt of
a particular interrogator signal. It now will become
apparent to those skilled in the art from the foregoing
explanation that the number of rcsponder signal oscil-
lators ¢ determines, in part, how many dificrezt respon-
ders may te uniquely identified. For example, if a par-
ticular interrogator receiver means is equipped to decode
or separate frequency-wise three code responder signals
from the composi.e responder signal, a maximum of three

“respondar signal oscillators may be utilized and only

eicht different combinations of coding voltages can be
developed. 1f the interrogator provides only a single
interrogator sizaal, only eight-different responders can
be uniquely identified. If an interrogator receiver means
can separate or filter-out four different code responder
signals, then a maximum of four responder siznal oscil-
lators may be utilized and 16 responders may be uniquely
identified. As is well known, the maximum number of
responders which may be uniquely identified is equal
1o 2 to the power g where ¢ is, of course, an integer and
represents the number of responder oscillators in a par-
ticular responder,

Interrogator 169, however, does not provxdp a single
interrogator ‘sigeal ‘but rather p different. interrogator
siznals. Conscquently, each of the interrogater signals

‘can. provide 2 to the power ¢ diferent combinztions.of -

coding voltages. For an interrogator-responder sysiem

»
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in which the interrogator developes p different interrogas

#0r signals and in which each responder may be equipped
with the maximum of g diffcrent responder signal osci!-
Tators, it is possible to get 2 to the power pg diffcrent
combinaticns of coding voltages as the interrogator
signals execute one sequence. For example, for an in-
terrogator having a sequence of 6 interrogator sienals
and responders using up to-a maximum of 5 different
response sigrial escillators, the number of different re-
sponders which may be uniquely identified is equal to
2 to the power 30 minus 1, witich Is equel to 1,073,741,803.

The coding voltages from the rectifiers 190, 192 and
194, being a binary code, may be directly applied to the
stages of a register means such as the- code registers
designated respactively by the reference characlers 196,
198 and 200. Obviously the number of stages required
for each of the registers 196, 198 and 209 is the same
as the number of code responder signals which the in-
terropator receiver means can decode, each stage being
associated with a different one of the responder signal
escillators which’ may be utilized. Consequently, each
Tegister accommodates a simultancous pulse coded signal
actuated by a single interrogator signal. Each stage of
each register, such as 156, may be set either by the oc-
currence or the absence of the coding voltage from an
associated rectifier.

k has been found convenient, for the purpose of the
description of this invention, to separate the register means
into different code registers, each having g stagzes. Of
eourse, in practice a single code register having pg stages
is utilized. In this rcpresentation, each code register
is associated with a different interrogator signal and each
stage -is associated with a different responder signal.
To make each of the p code registers selectively respon-
sive to the code voltages actuated by an associated in-
terrogator signal, a plurality of gite or “AND” circuits,
designated by reference character 262, are connected
between the rectifiers 190, 192 and 194 and the fy, f2
“AND"
circuits such as 202 arc well known in the art as 3-input
“AND” circvits and may be defined as circuits having
an output terminal and three input terminals, and are
80 designed that an owtput signal is provided when,
and only when, a certain definite set of input conditions
{the 3 input terminals simultaneously must be “high™)
are met. )

Referring now more particularly to code register 166
and its associated “AND” circuit 202, it may be scen that

tage 204 will be set only if an output signal is ebtained
front its associated “AND” circuit so thet conductor 206
is “high.,” To obtain an output signal from “AND” cir-
cuit 262, it is necessary that thrze input signals be appliad
thereto, that is conductors 208, 269 and 210 must be
*high.” Conductor 218 is coupled 10 a multivibrator
whose function is to be described later. Conductor 208
fs coupled to a difference ariiplifier 212, wlicse funciion
is also to be described later, and to rectificr 190, and is
“high” whenever a responder signal of frequency f; is
=ceived. Conductor 269 is coupled directly to the stage
of ring counter 128 which supplics thz pulse to actuate
signal oscillator 104. , )

It is therefore apparent that. conductor 252 is cnly
“high” when signal source 104 i oscillating since both
are coupled to lhe same stage of ring counter 128. If
eonductar 219 js assumcd 10 be “high” at the same time,
“AND" circuit 202 will provide in output signal fcon-
ductor 295 being “high”) as a responder signal of fre-
quency [y is received,  This cutput siznal sets stage 204,
which significs that an interregater signal of frequency
Fy has actuated a responder signal of frequéney f;.  Con-
ductor 209 provices a “high” input to all “AND” circuits
whose output circuits are connected to the q stages of

" regisier “199, which may also Le referred to as the F,
" register.
connzcted to the “AND® circuits associated with a djf- -

Simitarly; each slage of ring counter 128 is
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ferent one of the registers Fp, F3 . . . Fp. " 'In this man-
_Ter, a register means is provided which is responsive to'a

sequencing means 2nJ operative to set its stages in accord-.

ance with coding ~voltazes received and thé interrogator
signzls actuating :he coding voltages. .

{ the coding volingze ¢n lead 288 had been originated

by, say, signal scurcz 105, no output would appear on
lead 206 since kezZ 263 would be “low.” .

~ It may te meniicned that it Is not necessary to provide
a regisler means having pg stages.
ter Liaving ¢ stoges may be utilized in conjunction with a
storzgs device h stores the binary numbers after re-
ceipt and provides a clearing pulse, and thercby prepares
the ¢ stage reg
pulse coded sign
2qrence.,
recily applied
well known storzzs
regisiers entirely.

It has been found that the reliability of the signalling
systen of this invention may be improved by applying the
ceding or digiial “oltzges from rectifiers such as 196,
152 and 124 to ihz input circuits of a plurality of com-
paring mzans, eact associated with a different responder
signal such as the conventiona! difference amplifiers 212,

ctuated by the next interrogator in the
ly, the coding voltages may be di-

nicans, obviating the need for code

For example, a regis- .

for receiving the next simultaneous

ai
to mngnetic tape, punched tape or other

235 and 216, insi2zd of directly to the “AND" circuits,

232. Diflerence amplifiers are amplifiers having two in-
put signals whose single oulput signal is a function of the
difference between the two input signals. In this manner,
the coling or digital volages may first be compared with
a relerence voliags of a selected amplitude from a source
218 o make cerizin that the coding vollages have indeed
originated from code rezponder signals instead of merely
being mioise or sirzy pich-up. Unless the magnitude of
the individual codsg voliage from a given rectifier is above
a predetermined winimwm level, indicating the presence
of a responder s:zncl and a desired degrée of coupling
between interrozrior 168 and responder 102, its associated
difference amplii .z will mot provide a coding voltage dif-
_fzrence signal, ¢ 14 the slages, such as stage 204, will not
be set erroneovs - by noise or stray pick-up signals., Ref-
crence voltage vo.rce 218 may, of course, include an ad-
justment means such as a potentiomeler to provide an ad-
justable reference veliage so that the level at which a code
reference signal provides 2 coding difference signal may
be adjusted. The combinaticn of the associated difference
amplifiers 212, 214, 216 and reference voltage source 218
thereby provides & comparing means responsive to each
of the coding voliizes for somparing the magnitude of
each of the coding voltages with a reference voltage and
is operative to proide coding valtage difference signals.
Since interrogatcs 168 and responder 102 are capable
of relaiive motion wih respect to one another, the cou-
pling between irt: -¢;-tr transmit means 122 and re-
sponder pick-up £z 149 may increase from a small
value during the appro ach to 2 maximum value when the

" refative distance therd etwzen is a minimum, and there-

60
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after muy decrease azai s the two objects move apart
in opposite dirseticns. The same, of course, is true of
the coupling beiween resnonder transmit means 164 and
interrogator pick-tp me s 180. Since excitation of
transmit means 122 renm s constant, the power level of
the response-actuziing voliages developed at the input of
distribution neiweex 162 will change with the degres of
ceupling. The power level of the individual responder
signals exciting transmit means 164 depends on the power
level of the response-actoating voltages and consequenily
varies with the dazree of coupling Letween transmit means
122 and pick-up means 134, Additionally, the power
level of the composite reszonder signal developed by pick-
up means 180 will dzpend on the power level of the indi-
vidoal recponder sigrals exciting transmit means 164 and
‘on the coupling brwween transmit means 164 and pick-up
nicans 189, . ) T

It is therefore in‘.mcd.?nt;‘fy‘apparcm that during'th;_:' .

- CIA-RDP81-00120R000100010008-8 .-
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txme mterrog"xtor 169 and rcsponier 10"‘ are in close ™ -
proximity with one another, the power level of the com-
posite fesponder signal developad by pick-up means 180

undergoes a substa aptial change. This change of power
level, unless correcied or compensated for, is dxrec'}y e
flected upon the magnitude of the individual coding volt-
ages, and it is 1mposvxble to provide reference voltage level
for the comparing means such as difference 'rn"]xﬁcr 212,
to assure that the voltage from a rectifier, such as 199, is
due to a code responder signal. The power level of the
individual code vespender signal develeoped at the output
of the responder signzl filter means, such as filter 184, is
depicted by curve a, FIG. 3. Curve 4, FIG. 3, is a plot
of the relative power level of a code respomdier signal as
passed by 2 filter of the Tesponder signal filter means
plotted against distance between interrogator 160 and
respondcr 102,
By provuhng automatic gain control, the power applied
to amplifier 129 may be controlled so that the output of
each filter of the responder signal filter rasans remains
nearly constant durihg the time interrogator 149 and re-
sponder 102 are in close proximity. -Curve b, I'IG. 3,
depicts the power level of the code réspondar srgr’als from
the responder signal ﬁltcr_ means when automatic gain
conirol is provided. The substantially fat ponibn of

~woltagze of a s
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fﬂrcnce am‘;l ﬁer "45 whn.h cornp'lrcs xt mth a refercnce
clected amplitude from a reference vollage -

. source such as 218, Unless a magnitude of the cutput

en

10

20

25

curve b, ¥IG. 3, corresponds to the selected minimum dis- -

tance. The advantages of automatic gain control should
be obvious. Receiver 182 can be fully utilized without
fear of saturation which might otherwise ctip or dislort
the received responder signals.
the coding voliages from a rectifier, such as 190, will re-
main constant Juring the time which corresponds to the
flat portion of curve b, FIG. 3, and which has been -

Also, the magnitude of ©

ferred to as the selecled minimum distance between the -

responder and thé inierrogator. In this manner, the ref-
erence voltage from source 218 may be st just a little
below the level which corresponds to this ffzt portion, pre-
venting a coding vollage dxfference 51gna! except during
the time when the automatic gain control is operative and
hence insuring that the stage of a register such as 204
will not be sct except under conditions of adequate signal
strength,

Automatic gain control, to compensate for the variaticn
in the coupling’ may be obtained by utilizing a signal
source such as pulsed oscillator 230. Oscillator 230 is
similar in all respects to a signal source, such as 104, and
provxdcs a signal at a frequency Fgge. A good choice for
I'agc is the center frequency of the frequency band con-
taining the interrogator signals, Cutput teraiinal “A”™ of

bistable trigger circuit ]"6 is connected to the oscillator |

230 and consequently energizes it at the nxidpoint of the
time interval between advances of the ring counter 128.
It.is for this reason that a modificd rmg counter is de-
sirable so that no interrogator signal is developed during
the time correspondm" to the sccond time interval of the
sequence when oscillator 230 is cr'crgrzcd The output
signal-of oscillator 230 is applied, via an adjustable at-
tenuator 232, to variable gain device 114 to excite trans-
mit means 122,

Frequency sensitive pick-up elerment 234 is included
in pick-up means 140 and prowdes selective coupling to
transmit means 122 when tic latter is excited by 2 signal
of the frequency of Fag: The output of pick-up element
234 provides a response-actuating signal which, after rec-
tlﬁ.atxm by rectifier 236, provxdcs a respense-actuating

voitage for powering the autamatic gain control respondsr
Slgnal oscillator 238. The output signal from. automatic
gain control responder signal oscillator 238 excites trans-
mit element 240 of transiit means 164.

The automatic gain control responder signa at is app!icd
- to receiver 182 as any other code responder signal, and is

-cenducted thereafler via filter 242 to rectifier 2+¢4. Since

- it is desired to keep the output voltage of rccdfier 244

- constant during tke approach of interropgator 108 and re-

sponder 10'.‘, thxs output volhgc is unpusscd upon a dif-

40
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véltage from receiver 244 is above a predetermined mini-
raum level, indicating a desired degree of prorimiiy be-
tween interrogator 100. and rcsr:mdcr 102, the difference
amplifier 246 wiil not provide an output vohave.

The output voltage from difference amplifier 246 is

applied, via a filter 248, to lead 118 which controls vari- -

able gain device 116,  As coupling between interrogator
100 and responder 102 increases, the signal on lead 118
will likewise increase and Jower the gain of variable gain
device 116 thercby Lecping the ocutput of rectifier 244
constant. The combination of difference amplifier 246,
rectifier 244, reference voliage scurce 218 and filter 248
thereby provxde:. a comparing means responsive to the
rectified respunse voltage Tor comparing the rectified re-
sponse voltage with a l'_val’(.hCu vollage and is operative
to derive an automatic gain control differcnce signal. _

As is casily seen, t‘le level of reference voltage from
source 218 detcrmines how soon, during the approach of
interrogater 100 and responder 102, the automatic gain
control becomes operative; and how soon, as interrogator
100 and rcsponder 102 move in opposite directions, the
automahc cain cenirol becomes inoperative.  Of course,
receiver 182 may be provided with an internal antomatic
volume ccntrol so that variable gain device 116 is zllowed
to work over a more linited range, Filter 248 is provided
to smooth the output from difference amplifier 246 which
increases and decreases cach time that flip-flop circuit 126
changes its state. The reason for desiring a smooth auto-
matic gain contrel difference voltage is obvious since
otherwise variable gain device 136 would introduce per-
turbation.

As previously mentioned, the coding voltage difference
signals from a difference amiplificr, such as 212, may be
dircctly applied to the stages of a register, such as 204,
for recording either the presence or the absence of a
particular code responder signal. Tt is therefore necessary
that all stages of a register means, such as stage 204, be
“clear” prior to the time of arrival of a coding voltage
difference signal. In other words, when interrogator 100
and responder 102 approach one another, no record of
a previous recordsd binary bit should bte present on the
stages of the register means, For this purpose, an electri-
cal clearing pu]se may be a'vplxcd to each of the stapges of
the register via buss bar 259 prier to or concurrent with
the time at which interrogator 100 and responder 102
are within the selected minimum distance. This clearing
pulsc may be derived from the output of a register clear-
inz means such as the conventional nonost'ible multi-
vibrator 252 upon being triggered by some control volt-
age. One suitable comrol voliage may be derived by
utilizing the automatic gain conirol difference voltage as
illustrated in FIG. 1, which rizes sharply upon approach
of the interrogator 100 and responder 102 and is there-
fore suitable as a trigger. Of course, any signal com-

mcnsuratc with a rzctified responder signal is suitable, If

the aufomatic gain control difference voltage is utilized
to trigger the clearing pulse, the register means will be

‘ready to receive coding volt'we difference signals for stor-

age when interrogator 106 and responder 102 are ap-
pro«c’vnﬂ the selcctad minimum distance.

1t has been found that the reliability of the mtc"rcgator
may still further be increased by including gating means
preventing the setting of the stages of the register means
unless automatic gain control is opcratne As explained
in conncction with “AND?” circuit 202, to insure that cod-
ing voltages actuated by a partieular mterrovator are set
into the proper register of the wegister means, conductor
209 must be “hish.” Since “A‘HD" circuit is a 3-input
network, conductor 210 must alse be “high.,” Conductor

210 provides the gatling voltage and is connected to one

output -terminal of monostable multivibrator 252 \xhlch
fires when 1mcrrogalor 100 and responder 102 appro
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with the register clearing means. The ouiput signal of
monosiable multivibrator 232 om conductor 210 is sc-
lected to provide a pulse wilh a time duration sufficiently
long to permit several sequences of interrogator signals.

small valuc of p is desirable. Cmkhe other hand, a small 75 24, i recsizt of an interrozzior signal of frequéncy Fy. -
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value of p requires a large value of g and consequently a

-

complex respsader. A good choice would be to make p
and-g approximately the samc if the relative speed between:
‘the responder and the interrogator allows such a large
valve of p. . : :
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For ihe suke of simplification of the drawings, multi- " Referring now to FIGURE 2g, there is shown an illus-
vibiator 252 is shown having two outsut terminals, one trated embodiment of a responder constructed in accord-
of which is connecicd to buss bar 250 and tke otber to ance with this invention. Pick-up means, such as a plural-
buss bar 210, Buss bar 210 in twee is connected to one ity of tunad circuits, of which four are shown and respec-
input terminal ‘of each of the “AMD™ circuits 262. In 1g tively designated by reference characters 360, 302, 304 o
order {or al: outpat signal to appear, such as on lead 206, and 338, crovide the individual frequency selective receiv-
the following set of input conditioms must be met simul- ing elements.”  Actuzlly, there are p-+1 receiving ele-
taneously, First, 2 coding voltzge must apnear at the ments, p circuits are wtilized for receiving the interrogator
- output terminal of rectifier 190 which is of suficient signals having frequencies Fy, Fa . . . F. and one circuit
magaitude to provide a difference signal so that difference 13 is utiiized for the auiomatic gain coatrol interrogator sig-
amrlifier 212 has an outpu! volta=e and conductor 208 nal of frequency Fyy. FEach of the tuned circuits may
s “high.” Second, the coding voltzge must have been inciude sn inductor and a capacitor designated respective-
actuated by signal spurce 104 so that a voltage pulse ap- ly by reference choracters L and C in tuned circuit 300,
pears and lead 209 is “high.” Third, the aulomalic gain The impedance valees of each combination of L and C
conirol difference signal must be strong enough to indicate 9g are sclecied so that each of the tuned circuits is resonant
that interrogator 100 and responder 102 arc within the at the frequency of a different interrogator signal. The
selected minimum distance or else multivibrator 252 resonance frequenszy of each of the tumed circuits is
wouid not fire and provide an cuipat pulse to make con- designated by the reference characters Fy, Fy, Fy and F,
ductor 219 “high.” It is therefose seea that the re-. in conformity with the convention adopted in connection
liability of the sigrailing system is substantially increased o5 with the dascription of ¥IG. 1. it is, of course, obvious
and thatf stray pulses will not operate to erroneously set to those skiiled in the art that if a high frequency radia-
the stages of th= vorious registers, tion mode of transfer is sefected, common or, scparate
In interrogator 10§ described hereinabove, diflerence antenna elements may be coupled to the tuned circuits.
amplifier 245 is utilized to provife the automaic gain  The antenna element thercby would receive a radiated
contzol difference signal voltage amd to firé multivibrator 30 interrogator signal and the individual tuned circuits may
252, 1t is to be understood, hawewer, that such a dual provide the required frequency selectivity.
function arrangement is shown omly to retain simplicity If onc of the tuned circuits receives an interrogator
of description’ and that separate d¥ference amplifiers or’ signal whose frequenty corresponds to its resonant fre-
a difference amplifier and other well &nown trigger sources quency, the tuned circuit will be set into oscillation caus- -
mey be substituied therefor. Likewsise, multivibrator 252 35 ing the flow of an alteruating current, A pair of leads,
is deseribed as being suitable to skmultancously provide such as 308 and 318, coupled across tuned circuit 300
the short time duration clearing gulse to the register develop an aiternating voltage therebetween which may
means and the long time duratiom gating pulse. As will be utilized to power selected responder oscillators. This
Le obvious to those skilled in the ark, there may be certain alternating voltage is the response-actuating signal. Even
advantages in uiilizing separate melivibraters or perhaps 40 though tuned circuit 389 is illustrated as a parallel-tuned
other well-krown trigger circuits ter provide these pulses. circuit, it should be ibvious that a series-tuned circuit -
Additionally, suitable delay networks or differentiators may be substituted therefor. In this manner, the plurality
may be incorporated in the various control means in ac- of tuned circuits 3¢0, 202, 564 and 296, or a combination
cordance with well-known technigees to obtain desired of tuncd circuits with one cor more antenna elements
time sequencing between the operation of automatic gain 45 coupled thercto, provides a pick-up means selectively
control, the clearing of the register means and the gating responsive to interrogator signals and operative to develop
of the coding voltages. For example, it may be desirable esponse-actuating signals,
to fire the muitivibrator ahead of full automatic gain The response-actuating signal developed by each tuned
control operation to clear the register prior to the receipt circuit may be impressed upon a distribution network
of coding veltuges and therefore uiiize the rate of change go 312, having the form of a matrix and which iacludes
of the automatic gnin control difference voltage level mzans for rectifying the response-actuating signal to pro-
rather than its quiescent level at full operation. vide a direct cuisent voltage which is the response-actuat-
Tke description of FIG. 1 hereabwve has been explana- ing voltage. The primary furnction of distribution net-
tory of one embodimient of the sfgaalling system of this work 312 is to distribute and impress the various responsgemms——s-somr=——
invention, whereby a binary code is set into a code regis- g5 actuating voltages developed by the frequency selective T
ter means when interragator 180 znd responder 102 are pick-up elements (o selected groups or combinations of )
at a sclected wahiimum distance frem one another. The responder oscillators chosen from a plurality of responder
usefulness of the signalling systam may be exiended by oscillators designated respectively by reference characters
providing a data link with each register means to tranzmit 314, 3i¢, 338 and 320, There are actualiy g1 differ-
the binary number set into the rerister means t0 some 6o cnt responder oscii'aters, ¢ responder oscillators provide
centrally loceted agency so that the zgency may be apprised g different respender signals utilized for coding and one
at all times of the various informafion obtained. oscillator is utilized to provide the automatic gain contral
If a binary number having r digits is required to provide responder signal.  As expliined hercbefore, each re-
the necessary information with a sfenalling system of the sponder osciilator is operative to develop a responder
type here described, a choice regarding the complexity of gz signal of a crent frequency, which frequencies are
either unit may be made. As is fmmediately apparent,- .  respestively designated by the reference characters fu fa
r=pq and conscquently the smaller p or g, the lower will ——fy 2fd f,.in conformity with the convention adopted in
be the complexity of eitber the imterrogator or the re-- - connection with the description of FiG. 1. Utilization .
sporder.  For example, if r is ogual to 30 so that of a frequeacy bard extending Letween 410 and 650 -
1,073,741,823 different resgonders may be uniquely iden- kitocveles per second has werformed very satisfactorily .
tified, p may take any of the follawing values: 2, 3, 5, 6, as lonz as wons of fhe respender signal freguencies 'is .
10, 15 keeping in mind tbat in the signalling system of this related-harmonically 1o another or the interrogator signal
invention bolh p and ¢ are integers. If the signalling frequencies, : ) L AR . T
system is to be utilizéd witl ‘a very fast movirg system, a Releiring now to the opceration of the responder, FIG. 7 w-—me 7,




will set tuned
develop a response-actuating signal acress leads 208 and
310. Lead 310 may be a common cenductor which is
- tied to one terminal of each of the respondsr oscillators

- 314, 316, 318 and 320, Lead 308 is connecied to the
other terminal of responder oscillator 314 via diode X-1,
to responder oscillator 316 via diode X~2, and responder
oscillator 228 via diode X-3. A set of filters such as
C-1, C-2 and C-3 is connected across responder oscil-

lators 314, 316 and 320 respeciively, so that the response- 10

actyating signal is not only rectified But ziso smooihad.
As soon as an interrogator signal of frequency F; is re-
ceived, responder oscillators 314, 316 and 320 are ener-
gized, each one developing a responder signal lhaving

the frequencies fy, f2 and f; respectively. The combina- 13

tion of the responder signals having frequencics fy, fa and
fq provide what has herebefore been designated a com-
posite responder signal which is a simultaneous pulse
coded signal. This compdsite responder signal is asso-

ciated with the interrogator signal of frequency F, since ag

the latter actuated the former. .

Similarly, tunsd circuit 302 is conneeted by distribution
network 312 via diodes X~4 and X-5 to respondsr oscil-
lators 314 and 318. Upon the receipt of an interrogator

siznal of frequency Fy, a composite responder signal-in- 23

*cluding responder signal of frequencies #; and {3 1s de-
veloped.  Capacitor C~4 provides the filtering action for
the response actuating voltage powering response oscil-
later 318, Tuned circuit 304 is connected by distribution

network 312, which includes diodes X—6, X-7 and X-8 30

to responder oscillators 316, 318 and 320. Upon receipt
of an interrogator signal of frequency F;, the responder
will provide a composite responder signal including re-
spondear signals of frequencies f;, f; and fq- Tuned cir-

cuit 306 is connected by distribution Retwork 312 to re- 33

sponder oscillators 314 and 318 via the diodes X-9 and
X-10. Upon receipt of an interrogator signal of frequen-
¢y Fp, a composite responder signal, including the re-
sponder signal of frequencies f; and f; is developed.

Ezach of the composite responder siznals represents a 40

simulianeous pulse coded signal which is received and
" decoded by the interrogator recciver means of FIG. 1.
Since the different interrogator signals, sequentially cou-
pled to responder 102, actuate different composile re-

sponder signals, the scquence of compasite responder sig- 43

nals is a sucee. .ve pulse coded signal, each pulse of which

is further simultaneous pulse coded.- Upon receipt of a

fequence of composite responder signals actaated by a
sequence of interrogator signals, the receiver described in
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circuit 300 into oscillation. The oscillations

lector electrode is connccted to one side of tank circuit |
f2. The oth:r side of tank circuit f; is connected 10 one . -

terminal of an inductor 49§ and to the output terminal . -

408. A parallz]l combination of the resistor 410 qnd the
capacitor 412 is inserted between the other tc.rmmal of
inductor 406 and the base clectiode of transistor 414,

_Finally the emitter electrede provides the second input

terminal 414 to the response signal oscillator. The cir-
cuit hereabove described is a transistorized version of
the Hartley-type oscillator and is merely exemplary. Nu-
merous different oscillators may be substituted therefor,
a¢ for example those shown in chapter 140, “Hzndbook of
Semi-Conductor Electronics,” Hunter, First Edition, 1956,
McGraw-Hill, New York. . :
The remaining code oscillators_314; 318 and 320 may
be similar in construction to the code signal oscillators
shown in FIG. 4 except that.cach hds a different resonant
frequeincy (diflerent tank circuit) as indicated by the f
symbol! in the'rectangle designating the oscillator. ,
It has been found convenient in some apgplications to
utilize the tank circuit comprising inductor 460 and capaci-
tor 402, FIG. 4, as one of the transmit clements of the
responder. What has beer said in conjunction with . the

tuncd circuits 200, 362, 309 and 308, FIG. 2a, applics

likewize to the tank circuits such as circuit f,. If it is
desired to ttansfer the responder signals to thé interro-
gater by & mode different than inductive coupling an an-
tenna elemen’ may be coupted to the oscillator tank cir-
cuit in the manner well known to those skilled in the art.
There has been described a signalling system wherein
an interrogator transfers its sequence of different interro-

- gator sigrials to a responder to actuate a response to each

of the- interrogator signals. The respondsr provides a
simultaneous pulse coded signal to each of the interro-
gator signals including a maximum of ¢ frequencies. Each
of the g frequencies is utilized as a code digit or bit and
may sct the stages of a register. The scquencge of interro-
gator signals provides a successive pulse coded signal,
cach pulse of which may be apriied to a different register,
each of which includes sulficient stages fo accommodate
the g code digits.

What is claimed is: :

1. A passive responder compris'ng: a plurs'ity of picks
up clements, each pick-up element being sclectively re-
sponsive to an interrogator signal of a different frequency;
a plurality of osciilator means, each oscillatos means being
operctive to develop a responder signal of ‘a further dif-
fereni frequency wnen cctuated, each of said pick-up ele-

- ments being operative to develop cufficient clectrical en-

Il

conjunction with FIG. 1 will operate upon the individual 5¢ ergy to actuate said oscillator means; and coupling means’
responder signals and develop output quantities for setting fou coupling selected onss of said pick-up elements to se- Lo
the individual stages of the code register means, _ - lected ones of said pluraliiy of oscillator means,

Each simultaneous pulse coded signal is decoded by the 2. A passive responder comprising: a plurality of pick-
sxz=mm2interfogator filter means (filters 184,125 and 188, FIG. 1) up elements, 2ach of said pick-up elements being respon-
=~ 1o develop coding voltages. Further, each successive g5 Sive to an interrogator sigeal of a differsni sclected fre-

g pr——y

: . pulse coded signal (comprising the coding voliages) is

gated so as to impress its individual output quantitics,
that.is its coding voltages, upon the stages of a different
register of the register means, FIG. 1. FIG. 2b illustrates

a binary number which the responder shown in FIG. 24 GO

would set into a code register means similar to the code
register mears of FIG 1. Each register is associated with
a different interrozator signal as the fréequency designation
(Fy, Fy, F3 and. Fp) on top of a rectangle represeating

the code register signifies. Each responder signal is as- 05

sociated with a dificrent stage of the various registers as
" the frequency designation (fy, fs, fo, and f1) bolow the
square repr:senting the diffcrent stages significs. .
" FIG. 4 illustrates an embodiment of the responder sig-

nal escillator such as the one designated by reference char-

actér 316 in FIG. 2a. " A tank circuit including inductor
400 and capacitar 402 have their respective Jimpedances
selected to provide resonance at the responder signal fre-
quency f,.

e

In addition’ to tank circuvit f, the oscillator
also includes'a NPN or a PNP transistor 401, whosa col- 7%

quency a2nd having first and second output terminals; a
plurality of oscillator means, cach oscillutor means being
operative to develop a respomdar signal of a further differ-
ent frequency and having a first and a second input ter-
minal; a common cordactor coupling said fi-st output ter-
minals to said first input termirals; a plurality of rectifying
means for coupling selected ones of said second output
terminals to selecied ones of said second input terminals;

and filter means coupled between said commen conductor -- -

and the selected ones of said second input terminals, -

3. A passive responder comprising: a plurality of pick-
up cI?nlcntS, each pick-up element being selectively re-.
sponsive 7 an interregator signal of a difTerent frequency
and oporative to develop a responsc-actuating signal there-
from; a plurality ef oscillator means, cach oscillator means
being responsive fo a response-actuating vollige and oper-
ative to develop a responder signal of a further different
requency; and a distribution network for supling selected
cnes of said pick-up clements to selected omes of said os-
cillator means, said distribution fhetwork including recti-
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ﬁer mcans responsive (o said rcaponse actuaung sxgnals
and operalive to develop said response-actuating véltazes.

4, Apparatus in accordance with claim 3 wherein each.

of said pick-up elemenis comprises a parvallel-tuned
inductince-capacitance circuit resonant at the frequency
of a different one of said interrogator signals.

5. Apparatus in accordance with cla’m 3 wherein each
of said oscillator means includes a parallel-tuned
inductance-capacitance circuit resonant at th, frequency
of iis assouatcd respondgr sigral.

6. A passive resporder for developing a sequence of
distinct simultancous pulse coded signals characteristic
of its ideniity in response to and solely powerea by a
successive pulse coded interrégator signal, each simul-
taneous pulsc coded signal being associated with a ¢if-
ferent pulse of said successive pulse coded signal and
all puises being of a different frequency, said responder
comprising: a plurality of frequency selective pick-up

clements, each pick-up element bcing responsive to a-

diffcrent frequency pulse of said successive puise coded
signal; a piurality ‘of responder sxgrlal oscillators, each
“of said oscillators being operative to develep a different

pulse of said simulianeous pulse coded signal; and ‘a

distribution network mecans including rectifiers and filters,
said distribution network means coupling selected ones
of said pick-up clcmeuts to selected oncs of said
oscillators. )

7. A’ passive responder for deve]opmg a s..qJer‘ce of
simultaneous pulse coded signals in response to and sole-
1y powered by a sequence of pulsed interrogaior signals
differing - in. frequency, each similiancous pulse coded
signal being asscciated with a different one of said
sequenice of pulsed interrogator signals, said responder
"~ comprising: a pick-up means including a plurality of fre-
quency seicctive elements, each element being responsive
to a different one of said pulsed interrogator signals and
o .cative to develop therefrom a responsc-actuating sig-
nal; a plurality ‘of responder signal cscillators, each os-
ciliator being responsive to a respensc-actuating voltage
and opzrative to develop therefrom one of the pulses of
said simultancous puise coded signal; and a distribution

stwork including rectificr means and filler means for
conver:ing said response-actuating signals to said
responss-actuating voltages, said distribution network
coupling selected ongs of said frequency sclective ele-

‘ments_to selected ones of said responder signal oscilla-
tors, whereby each frequency selective element powers -

selected responder signal oscillators thereby providing
one of said simultaneous pulse codasd signals upon the
recepticn of an associated interrogator signal.

8. A passive responder comprising: a plurality of fre-
quency seleclive pick-up clements, cach of said clements
being responsive to a different one of a plurality of in-
terrogator signals differing in frequency, each pick-up
element being operative to devclop a response-actuating
signal upon the receipt of an interrogator signal to which
it is responsive; a plurality of oscillater means, each
oscillator means being operative {o develop a responder
signal of a further diferent frequency when a responsc-
actuating signal is imprcr'scd 1her00'1; and a passive dis-
tribution network for impressing selected ones ef said
Tesponse-actiating sigrnals upon sclecied p]ur‘.htvs of
said oscillator means.

- 9. An interrogator-responder apparatus comprising in

- combination: interrogator mcars. operative to provide a
plurality of pulsed interrogitor signals of difcrent fre-
quencies, said interrogator signal developing means in-
cluding a plurality of interrogater signal oscillators each
responsive to a diferent cveling pulse and operative to
provide thercupon one of said pulsed intetrogator signals,
said interrognior signal developing mcans als - including
cyeling means opcrative to provide said different cycling
“pulses; -nod a passive respender selectively responsive to

said pulscd interrogator sianals and operative to provide’
sclected simultaneous ~ombiaations of responder signals,

KA - : . .
S Y Lo N
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each simu]tancous 'combinaxion of respondcr signals be-
12 of vaid interrogator sig--

ine provided by a different o
nats. said responder including a plurality of tuned cir-
cuit: each resonant at the frequency of a different inter-
rogator signal, a plurality of circuit means, cach circuit
means being ccupled to a different tuned circuit and form-
ing a combination therewith which is op~"at1ve to provide
a response-aciuating voltage upon the receipt of an inter-

rogator signal which corresponds in frequency to the in-

dividual resonance freguency of said tuned circuit, and a

plurality of responder oscillator means coupled to se- -

lected ones of said combinaiions and powered solcly by
said respense-actuating voltages, each of said responder
oscillater heans providing one of said responder signals.

10. An interrogator responder signaliing system com-
prising a plurality of interrogators and a plurality of
passive responders, said interrogators and responders be-
ing capable of reiutive motion with respect to each other,
each inlerrogutor including a means for generating a
C)cu\.'ﬂly repeating sequence of successive interrogator
signals of different frequencxes each responder including

means responsive to selected ones of said sequence of.
pulse interrogaier signals when said responder and an
interrogator move into spaced relation with each other, .

said responder iIncluding means for gemerating simul-
tancous pulse coded signals in response to the selecied
ornes of said sequence of pulsed interrogator signals, said

“interrogator further including a receiver means for re-

ceiving the simultancous pulse coded siznals from the
responder, said receiver means being operable to gen-
erate a separate output signal for each pulse of said
sinul anecus rulse coded signals.

11. An intcrrogaior rcsnonder apparatus comprising
interrogator means and a passive responder relatively
movable into spaced relation with respect to each other,
said interrogator means including a plurality of signal
oscillators operable o scquentially generate a correspond-
ing plurality of pulsad inierrogator signals of different
frequencics, said interrogater means further including a
cycling means operative to provide sequential cycling
puises, said responded being sclectively responsive to
said pulsed interrogator signals and being operable to
ganerate seiccted simuliangous combinations of responder
signals, each simultancous combination of responder
signals bring associated with a selected one of the inter-
rogator signals, said responder further including a se-
lected plurality of tuned circuits each resonant at the fre-
queacy of a corresponding one of the interrogator signals,
a plurality of circuit means each coupled to each tuned
circuit and operable to generatc a response actuating
vollage corresponding to a selected cone of the received
interrogator signals. said responder further including a
rlurality of responder oscillating means coupled to se-
lected ones of the responder actuating voltages and oper-
able to gencrate rcspander siznals whiie being powered
solcly by the response actnating volnge, and s:uc] inter-
rogator means funhcr m»!udmg a receiver responsive to
the responder signnls and operable to generate a separate

cutput signal corr=spcnﬂmg to cach of the rccenved
rasponder signals,

12. A signalling syvstem for identication of movab]e

-ohiects cornprmng a nlur'\m} of passive responders and

at Ieast one interrozator, said responders being relatively
movnblc into spaced relution with the interrogator and

cing identifiable when within a selectzed minimum dis- -

tz~ncc frem the interrcgator, said interreaater including
ans for gene.ann a sequence of ruh:d interrogator

's.emls differing in freque'zcy from each other, said inter-

rogator fur bnr including means for cv clically repeating
the sequence of pulsad s'ﬂmts each responder mc)udmg
means resronsive to selactzd ones of said scquence of in-

~ terrogater stgnals and further means for penerating a se-

©.quernce of composx

nspmdcr signals corresponding to
the sclezted ones of the interrogator signals, said respon-

d»r sxnnuls dJ!’fenn" in freqncncy from c«ch other and

N S A ..
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Irom the interrogator signals, said interrezctor further
facluding a receiver means coupled to sajd interrogator

" signal generating means and sequentially responsive to said
. tompostte responder signals for developing a separat

outpur signal corresponding to each of the responder
signals.
13, A sxgrmlmﬂ system in accordance with dalm 12,

. wherein the intzrrogater further comprises a sterage means-

includ mg a plurality of storagc clements each associated
with a corresponding one.of_the pulsed interrogator sig-
nals, each storage elément having a plurality of stages
for passing a selected one of the responder signals, said
interrogator further comprising a gating means respon-
sive 1o said output signals and operable to sequemxally
couple the output signals to the corrcspcndm" one of
ihe storage elements.

14. A signalling system for identifying movable objects

‘eomprising a plurality of passive responders and at least-

one interrogator, said respenders being relatively movable
into spaced relation with the interrogator, said interro-
gator including sequencing méans for generating a cycli-
cally repeating sequence of pulsed interrogator signals
of different frequencics, said interrogator further includ-
ing a primary induction means coupied te the infcrrogator
signal gen°rahrﬂ means and excited by said pulsed in-
terrogator signals and operable to genecrate alternating
magnetic ﬁelds‘ corresponding 19 the frequency of t‘le
pulsed signals, each responder including a plurality of
secondary induction means cach sharply tuned to a se-
lected one of the frequenmes of the alternuur‘g magnetic
fields of the interrogator primary induction means, each
secondary induction means being magnetically coupled
to said interrogator primary induction means when said
responder moves into spaced relation with the interrogator
and teing operable to generate a response actuating sig-
nal, éach responder further including a plurality of re-
sponder oscillating means responsive to the response ac-
tuating signal for generating a single frequency responder

signal of a further differcnt frcqucncv each respondcr
“further including a responder primary inducticn means
caupled to the oscillator means for generaiing an zlternat-
ing magnetic field corresponding in frequency to the re-
sponder signal, each responder further mcIuqu circuit
means having rectifiers and filters for recmvmg said re-

sponse actuating signals and for driving said oscillator

means, said interrogator further including & secondary

. 8,145,330

(]
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: 247 A

ondary inductance means for gencrating a scparalc out-
put signal corresponding with cach of the sclected re-
sponder signals, said inerrogator recciver means includ-
ing 3 plurality of code regicters corresponding to the plu-
rality of interrogator :'gmlﬁ each code rezister having

‘a plurality of stages corresponding to the selected re-

sponder sizrals and the output signals, said code registers
being sequentially pated by said sequencing means where-
by the stages of the cods register are selectively set by the
output signals derived from the composxte rcspondct
sxgna]

15. A sxrnallmg syetern in accordance w'th claim 14
wherein the interrosator receiver mieans further com-

- prises synchrenizing means for sequentizclly coupling the

40

inductance means operable to be magnetically coupled

with the responder primary inductance means for develop-
inga composne responder signal, said interrogator further

.
including receiver means coupled to the interrogator scc-

L tes P

okt

oulput signals from the receiver means to-the code register
corresponding with the selected interrogn ror signal which.

~ actuates the output signal.

16. A signalling sy<'cvn in accerdance with claim ]4
wherein the interrogator further comprises means for gen-
crating a further pulsed interrogator sxrﬂa! cf a frequency
interposed between each of the other interrogator signals,
and wherein each of the responders further comprises
means sclectively responsive to the farther frequency and
operable to generate therefrom 2 single responder signal
af a still forther frequency, said interrogator receiver
means further including & control means coupled to re-
ceive the single responder signal, :2id interrogator re-
ceiver means further including a diflerence amplifier re-
sponsively coupled to said contrcl means and operable
to generate an automatic gain control voltage indicative
of the degree of coupling between the responder and the
interrogator, said automatic gain control voltage being
coupled to centrol the amplitude of the pulsed mterro—
aator signal,
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3,264,641
SQUARE LAW TRANSMITTER-
TRANSPONDER SYSTEM
Winslow Palmer, Amityville, N.Y., assignor fo Sperry
Rand Corporation, Great Neck, N.Y., a corporation of
Delaware
Filed Oct. 7, 1963, Scr. No. 314,252
5 Claims, (Cl 343—6.5)

The present invention generally relates to radio trans-
ponder systems for ascertaining range or velocity or both
and, more particularly, to a system of that type wherein
specially amplitude modulaled carrier waves are operated
upon by a simple square law transponder to produce
signals representing the range and velocity of the trans-
ponder.

Radio transponder systems utilizing continuous carrier
wave transmissions may be advantageously employed to
determine range and/or velocity over relatively great dis-
tances. One exemplary instance is the tracking of long
range missiles. A ground transmitting station emits an
amplitude modulated continuous wave carrier signal to-
ward a transponder carried by the missile being tracked.
Several separate ground tracking stations receive the sig-
nals returning from the missile transponder and measure
the Doppler frequency shift of the carrier to obtain missile
velocity information and measure the phase of the carrier
modulation with respect to a reference timing signal to
obtain missile range information.

Certain criteria must be satisfied in the design of the
missile transponder cquipment. Naturally, it is desirable
that the transponder apparatus be simple, reliable, com-
pact and require a minimum of power. It is also neces-
sary that the signal returned by the transponder be easily
distinguished at the tracking stations from the signal
radiated by the transmitting station. It is convenient that
the trunsponder shift the carrier frequency of the signal
it receives from the transmitting station to facilitate the
required signal identification. '

If a conventional amiplitude modulated continuous wave
carrier signal is transmitted, the task of shifting the car-
rier frequency without disturbing the modulation com-
ponents ordinarily would require that the transmitted sig-
nal be demodulated, the carrier component be shifted in
frequency by a known amount, and the shifted frequency
carrier be remodulated to produce the transponder reply.
It is clear that resort to the foregoing prior art techniques
would result in a relatively complicated arrangement
and increase the possibility of frequency or phasing errors
being introduced by the transponder.

One object of the present invention is to provide a
transauitter-transponder system utilizing amplitude modu-
lated continuous wave carrier signals wherein the trans-
ponder is characterized by simplicity, reliability, compact-
ness and freedom from frequency or phase instability,

Anather object is to provide an amplitude modulated

" continuous wave transmitter-transponder system wherein

the ttanspander is adapted to shift the carrier frequency of
the tran-mitted signals without requiring demodulation
:a.n-.i without introducing phase distortions in the modula-
tion components,

An ulditional object is to provide a simplified trans-
ponder for directly producing an amplitude modulated
sivaal in response to a similar signal without requiring
demaddulation,

.~\‘funhcr object is to provide means for generating a
e.pc‘cm!ly amplitude modulated continuous wave signal
which when operated upon by a simple device is shifted in
carnier frequency but may be readily demodulated with-
out phase error by conventional techniques.

These and other objects of the present invention, as
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will appear from a rcading of the following specification,
are achicved in a preferred embodiment by the provision
of a ground transmitter, a transponder and a ground
tracking receiver. The transponder is carried by a vehicle,
such as a missile, whose range and velocity are to be
determined. The function of the transponder is to, shift
the carrier frequency of the transmitted signal and trans-
mit the shifted frequency signal to the tracking receiver.
The transmitted signal comprises a continuous wave
carricr amplitude modulated by signals representing the
square root of a desired modunlating function. The
transponder is equipped with a square law device which
doubles the carrier [requency and squares the modulat-
ing function of the transmitted signal without altering
the phase - -of -the--modulating - function. Thus, the
transponded signal is a continuous wave carrier signal
amplitude modulated directly in accordance with the de-
sired modulation function, The tracking receiver deter-
mines the range and velocity of the transponder-missile
by making measurements on the modulation and carrier
components, respectively, of the transponder signal.

For a more complete understanding of the present in-
vention, reference should be had to the following specifica-
tion and to the sole figure which is a simplified block dia-
gram of a typical embodiment.

Referring to the sole figure, the reference numerals 1,
2 and 3 generally represent, respectively, the ground trans-
mitting station, the vehicle-borne transponder and the
ground tracking station of a typical system for measuring
the position and velocity of the transponder vehicle. In
the ground transmitting station, oscillator 4 produces a
timing signal at a frequency intermediate the carrier fre-
quency transmitted by the station and the modulation sig-
nals which- amplitude modulate the carrier. The signal
from oscillator 4 is applied to frequency multiplier 5§ and
to frequency divider 6. The frequency divided signal at
the output of divider 6 is further reduced in frequency
by cascaded frequency dividers 7 and 8 to provide on
lines 9, 10 and 11 three harmonically related signals. In
one illustrative case, each of dividers 6, 7 and 8 divides
its respective input signal frequency by a factor of five.
The three harmonically related signals are additively com-
bined in summing circuit 12 and are applied to a first input
of subtraction circuit 13.

Circuit 13 is one element of a closed signal loop com-
prising circuit 13, amplifier 14 and ring modulator 15.
The output signal generated by the closed loop is applied
by line 16 to amplitude modulator 17 which also receives
the frequency multiplied signal at the output of multiplier
5. The desired amplitude modulating function which is
to be recovered at the ground tracking station 3 appears
on line 18 at the output of summing circuit 12. The
signal generated on line 16 actually represents the square
root of the modulating function represented by the signals
on liné 18. Thus, the signal at the output of multiplier 5
is amplitude modulated in amplitude modulator 17 in
accordance with the square root of the desired modulating
function. The amplitude modulated signal is amplified in
transmitter 19 and radiated via dantenna 20 toward trans-
ponder 2. ] )

“As is well understood in the art, a ring modulator is a
device receiving two input signals and producing one out-
put signal representing the instantancous product of the
two input signals. If the same signal E(¢) is applied to
both inputs as is the case with ring modulator 15, then
the ring modulator output signal represents the square of
the input function E2(¢). Inasmuch as the output of
amplifier 14 is equal to its input multiplied by amplifier
gain A, and the input to amplifier 14 is the differcnce be-
tween the desired modulated function M(s) and the
squared output function E2(¢), the closed loop comprising
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circuit 13, amplifier 14 and ring modulator 15 must sat-
isfy the relationship

EQ)_ -n
S =M ()~ B ()
Rearranging the terms yields: ‘

B(t)=x4/0(0) — 2L

As the gain A of amplificr 14 is madc large, the quantity
EQt)
A
becomes negligible and the closed loop output on line
16 approaches the square root of the input on line 18,
ie., E(1)==x~/M(s). In other words, the closed loop
circuit produces a wave whose instantaneous amplitude
is the square root of the desired modulating function
M(#). In order to avoid the possibility of a negative
square root, it is only necessary that the desired modu-
lating function M(¢) include, in addition to the three har-
monically related signals on lines 9, 106 and 11, a constant
signal of such magnitude that the total of the constant
signal and the harmonically related alternating signals
never assumes a negative value. The constant signal is
. provided by direct current source 34.

The signal transmitted by antenna 20 may be repre-
sented by the expression VM(#) cos Wyt. The trans-
mitted signal is received by antenna 21, amplified in R.F.
amplifier 22 and operated upon by squaring circnit 23.
Squaring circuit 23 is a nonlinear clgment. whose output

can béTepresented by a power series of the form
Eout==ay+arey-age?-+aged+ . ..

where
ey=M(t) cos Wyt

The contribution to the total output by the second order
term is of the form M (r) (Va--2 cos 2Wyf). Other
order terms of the power series may be generated but if
the non-linear clement is predominantly square law, the
contributions by the higher order terms are not significant.
A suitable non-linear element is a full wave rectifier hav-
ing diode elements operated within the parabolic curva-
ture region of their transfer characteristics. By inspec-
tion of the second order term, it will be observed that
the process of squaring the received signal produces an
output signal having a carrier frequency twice that of the
received signal amplitude modulated by a function which
is the square of the function modulating the received sig-
nal. It should also be noted that no phase error terms
are introduced in the squaring process so that the phase
of the modulation components of the transponder signal
may be relied upon for range data. Therefore, the sim-
plicity of the transponder apparatus is not detracted from
by the introduction of spurious modulation components
that would interferc with the intended purposes of the
transmitter-transponder range-velocity measuring system.
The sccond order term, of interest at the output of squar-
ing circuit 23 js extracted by filter 24, amplified by ampli-
fier 25 and radiated by antenna 26 toward ground ranging
receiver 3.

In order to determine the position of the transponder
vehicle in space, the signal transmitted from the trans-
ponder vehicle is received at several widely separated
ground ranging stations typified by station 3 where the
ume of arrival of the transponder signal is measured with
Tespect to a timing reference signal received from the
ground transmitter 1. The timing reference signal con-
yeniently may be derived from the output of divider 8 and
';";“t 1o pulse modulate a carrier wave within transmitter
:“;‘ 'I’hc pulse modulated reference signal is radiated via
\"""v:?ln'd- 2*{ loward tracking station 3. The reference
J‘l; ;ndn- rc»ltj-l\.'ed by antenna 29, qenlodlxlated by receiver
- ".Hrro:g?dmd' to a first input of intervalometer 31. The

’ vd signal is received by antenna 32, demodu-
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lated by recciver 33 and applicd to the other input of
intervalometer 31. The function of intervalometer 31
is to measure accurately the phase or time differcnce be-
tween the reference signal received from the ground track-
ing station and the data signal reccived from the missile-
transponder. Said phase differcnce is a function of the
difference between the path lengths traversed by the ref-
erence signal and the data signal. It is to be noted that
the data signal path includes the distance between the
ground transmitling station and the transponder-vehicle
as well as the distance between the transpondcr-vehicle
and the ground tracking station. Inasmuch as the dis-
tance belween the ground transmilting station and the
ground tracking station is known, the distance of the mis-
sile-transponder from the ground tracking station can be
computed readily.

As discussed previously, the data signal transmitted
by the transponder is a continuous wave carrier signal
amplitude modulated by a plurality of harmonically re-
lated modulating signals. Three modulating signals are
shown in the disclosed embodiment by way of example.
The frequency of the lowest frequency modulating signal
is equal to the repetition rate of the pulse modulated
reference signal radiated via antenna 28 because both the
pulse modulating signals and said lowest frequency mod-
ulating signa] -are derived from the output of the samec
frequency divider 8. Tracking signal receiver 33 demod-
ulates the signal received from the transponder to produce

a pulsed output signal for application to intervalometer 31 |

having a recurrence rate equal to that of the lowest fre-
quency modulating signal and having all of the timing
precision of the high frequency carrier component of the
received signal, A receiver suitable for use as tracking
receiver 33 is disclosed in patent application S.N. 188,122
entitled “Timing Signal Receiver,” filed on April 17, 1962,
in the name of the present inventor and assigned to the
present assignee, now Patent No. 3,117,280, issued Jan-
uary 7, 1964, Intervalometer 31 may be any conven-
tional pulse time difference measuring device such as pro-
vided in a standard loran receiver.

In order to determinc the speed of the transponder-
vehicle relative to the ground stations it is only necessary
to measure the frequency of the carrier of the data signal
reccived from the transponder. The frequency shift of
the received data signal carrier from the known carrier
frequency of the signal transmitted by station 1 is a direct
measure of missile speed in accordance with well-known
Doppler principles. Any conventional Doppler signal
determining instrurnent may be employed to medsure the
aforesaid frequency shift,

While the invention has been described in its preferred
embodiments, it is understood that the words which have
been uscd are words of description rather than of limita-
tion and that changes within the purview of the appended
claims may be made without departing from the true scope
and spirit of the invention in its broader aspects.

What is claimed is:

1. A system comprising a transmitter and a trans-
ponder;

said transmitter comprising

a source of carrier signal,

a source of amplitude modulating signal,

means coupled to receive said modulating signal for
producing an output signal having an instanta-
neous amplitude representing the square root of
said modulating signal,

amplitude modulating means coupled to receive said
carrier signal and said output signal, said output
signal amplitude medulating said carricr signal,

and means for transmitting the amplitude modulated
carrier signal;

said transponder comprising

means for receiving said amplitude modulated car-
rier signal, .
a non-linear element coupled to the output of said
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receiving means for gencrating a signal having a
component at twice the carrier frequency of the
received signal,

filter means for extracting said component,

and mcans for transmitting the extracted component,

2. A system as claimed in claim 1 whercin said non-
lincar element has a substantially square law signal trans-
fer characteristic.

3. A system comprising a transmitter and a trans-
ponder;

said transmitter comprising

a source of carrier signal,

a source of amplitude modulating signal,

said modulating signal having an instantancous am-
plitude representing the square root of a desired
modulating function,

amplitude modulating means coupled to receive said

modulating signal and said carrier signal, said mod-
ulating signal amplitude modulating said carrier
signal, . '

and means for transmitting the amplittde modulated
carrier signal;

said transponder comprising

means for recciving said amplitude modulated car-
rier signal,

a non-linear element coupled to the output of said
receiving means for generating a signal having a
component at twice the carrier frequency of the
received signal,

filter means for extracting said component,

and mcans for transmitting the extracted component.

[
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4. A system comprising

means for gencrating an amplitude modulated car-
rier signal,

the envelope of said carrier signal representing the
square root of a desired modulating function,

means including a non-linzar element adapted to re-
ceive said amplitude modulated carrier signal for
producing a signal component having a carrier fre-
quency twice that of the received signal and an en-
velope dircctly representing the modulating function,

and filter means for extracting said signal component.

5. Signal generating means comprising

a source of carrier signal,

a source of amplitude modulating signal,

means coupled to receive said modulating signal and
producing an output signal having an instantancous
amplitude representing the square root of said mod-
uwlating signal,

and amplitude modulating means coupled to receive
said carrier signal and said output signal, said output
signal amplitude modulating said carrier signal.
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